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PEROVSKITE OXIDE COMPOUNDS FOR reductants ( CO , HC ' s , H2 ) . The resultant delivery of oxy 
USE IN EXHAUST AFTERTREATMENT gen - depleted exhaust flow to the NOx storage catalyst trig 

SYSTEMS gers the release of NOx gases and regenerates future NOX 
storage sites . The liberated NOxis reduced , largely to N2 , by 

TECHNICAL FIELD 5 the reductants present in the oxygen - depleted exhaust flow 
over the NOx reduction catalyst . 

The technical field relates generally to exhaust aftertreat - A conventional LNT typically includes a flow - through 
ment systems and , more particularly , to exhaust aftertreat support body with an inlet that receives the oxygen - rich or 
ment systems that include perovskite oxide particles for oxygen - depleted exhaust flow and an outlet that delivers the 
oxidizing NO ( to NO , ) contained in an oxygen - rich exhaust 10 exhaust flow from the support body . A mixture of PGMs and flow produced by a combustion source . an alkali or alkaline earth metal compound is dispersed 

BACKGROUND within a high surface - area alumina washcoat and loaded 
onto the support body . The mixture of PGMs includes 

A combustion source may combust a lean mixture of air 15 platinum , which catalyzes the oxidation of NO and to some 
and fuel to perform work in the most fuel - efficient manner . extent the reduction of NOx , rhodium , which primarily 
The hot , oxygen - rich exhaust flow generated by the com - catalyzes the reduction of NOx , and palladium , which cata 
bustion source may contain unwanted gaseous emissions dyzes the oxidation of CO and HC ' s . The alkali or alkaline 
and possibly some suspended particulate matter that may earth metal compound provides trap sites for the reversible 
need to be converted to more innocuous substances before 20 storage of NO2 as a nitrate species . But platinum group 
being released to the atmosphere . The gaseous emissions metals , especially the relatively large amounts of platinum 
primarily targeted for removal include carbon monoxide used in a conventional LNT , is rather expensive . Platinum 
( CO ) , unburned and partially burned hydrocarbons ( HC ' s ) , has also been shown to suffer from poor thermal durability 
and nitrogen oxide compounds ( NOx ) comprised of NO and at higher temperatures . 
NO , along with nominal amounts of N , O , Some notable 25 
examples of combustion sources that may periodically , or SUMMARY OF EXEMPLARY EMBODIMENTS 
for long durations , combust a lean mixture of air and fuel 
include gas turbines , chemical process equipment , and A method for removing NOx from an oxygen - rich exhaust 
vehicle internal combustion engines such as diesel engines flow produced by a combustion source that is combusting a 
( compression - ignited ) and some gasoline engines ( spark - 30 lean mixture of air and fuel may include passing the oxygen 
ignited ) . rich exhaust flow through an exhaust aftertreatment system The oxygen - rich exhaust flow produced by the combus that includes a NOy oxidation catalyst that includes per tion source may be fed to a fluidly coupled exhaust after ovskite oxide particles , a NOx storage catalyst , and a NOx treatment system to dynamically remove continuously vary reduction catalyst . ing amounts of CO , HC ' s , NOx , and suspended particulate 35 Other exemplary embodiments of the invention will matter if present . A typical exhaust aftertreatment system 
usually aspires to ( 1 ) oxidize CO into carbon dioxide ( CO2 ) , become apparent from the detailed description . It should be 
( 2 ) oxidize HC ' s into CO2 and water ( H2O ) , ( 3 ) convert NOx understood that the detailed description and specific 
gases into nitrogen ( N2 ) and 02 , and ( 4 ) capture and examples , while disclosing exemplary embodiments of the 
periodically burn off suspended particulate matter . But the 40 invention , are intended for purposes of illustration only and 
relatively high amount of oxygen contained in the oxygen are not intended to limit the scope of the claims that follow . 
rich exhaust flow hinders the reaction kinetics for certain 
catalytic reduction reactions . A specific reaction sequence BRIEF DESCRIPTION OF THE DRAWINGS 
that does not proceed very efficiently under such conditions 
is the reduction of ( NO ) to nitrogen over conventional fine 45 Exemplary embodiments of the invention will become 
particle platinum group metal ( PGM ) mixtures , for example , more fully understood from the detailed description and the 
particles of platinum , palladium , and rhodium dispersed on accompanying drawings , wherein : 
alumina . FIG . 1 is a schematic illustration of an exhaust aftertreat 

The exhaust aftertreatment system , as a result , may be ment system that includes a lean NO trap according to one 
outfitted with a specific catalyst material or collection of 50 embodiment of the invention . 
catalyst materials that can effectively decrease NOx concen - FIG . 2 is a perspective and partial cut - away view of an 
trations in an oxygen - enriched environment in accordance exemplary embodiment of the lean NOx trap illustrated in 
with certain operating procedures . A lean NOx trap , or LNT , FIG . 1 . 
is but one available option that may be employed . A LNT FIG . 3 is a partial magnified view of the lean NOx trap 
generally operates by feeding the exhaust flow across a NOx 55 shown in FIG . 2 that depicts , in an idealized manner , a first 
storage catalyst that exhibits NOx gas trapping capabilities . catalyst material and a second catalyst carried by a support 
A NOy oxidation catalyst and a NOy reduction catalyst are body according to one embodiment of the invention . 
also intermingled with or situated near the NOx storage FIG . 4 is a partial magnified view of the lean NOx trap 
material . In operation , the NOy oxidation catalyst oxidizes shown in FIG . 2 that depicts , in an idealized manner , a first 
NO to NO , and the NOx storage catalyst traps or " stores ” 60 catalyst material and a second catalyst material carried by a 
NO , as a nitrate species when exposed to the oxygen - rich support body according to another embodiment of the inven 
exhaust flow . At some point , however , the NOx storage tion . 
catalyst needs to be purged of NOx - derived nitrate species . FIG . 5 is a partial magnified view of the lean NOx trap 
The NOx storage catalyst may be purged by momentarily shown in FIG . 2 that depicts , in an idealized manner , a first 
combusting a rich mixture of air and fuel at the combustion 65 catalyst material , a second catalyst material , and a third 
source to produce an oxygen - depleted exhaust flow that catalyst material , each carried by a support body according 
includes a reaction balance of oxidants ( O2 , NOx ) and to yet another embodiment of the invention . 
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FIG . 6 is a schematic illustration of an exhaust aftertreat - contingent of the oxygen - rich exhaust flow 18 generally 
ment system in which the first catalyst material and the ranges from about 50 ppmv to about 1500 ppmv and 
second catalyst material shown in FIG . 3 are carried on includes greater than 90 mol % NO and less than 10 mol % 
separate support bodies . NO2 . The amount of HC ' s present generally ranges from 

FIG . 7 is a schematic illustration of an exhaust aftertreat - 5 about 250 ppmv to about 750 ppmv . 
ment system in which the first catalyst material and the The rich A / F mixture 16 contains the stoichiometric 
second catalyst material shown in FIG . 4 are carried on amount of air needed to combust the dispensed fuel or less . 
separate support bodies . The air to fuel mass ratio of the rich A / F mixture 14 usually 

FIG . 8 is a schematic illustration of an exhaust aftertreat - lies somewhere in the range of about 12 - 14 . 7 for gasoline 
ment system in which the first catalyst material , the second 10 and diesel fuels . The combustion of the rich A / F mixture 16 
catalyst material , and the third catalyst material shown in produces the oxygen - depleted exhaust flow 20 . The term 
FIG . 5 are carried on separate support bodies . “ oxygen - depleted exhaust ” as used herein shall mean 

exhaust gas having less than 1 . 0 vol . % 0 , . The oxygen 
DETAILED DESCRIPTION OF EXEMPLARY depleted exhaust flow 20 may reach temperatures as high as 

EMBODIMENTS 15 1000° C . and have less than 1 . 0 vol . % 0 , and usually less 
than 0 . 5 vol . % . The oxygen - depleted exhaust flow 20 may 

The following description of the embodiment ( s ) is merely also comprise some NOx , CO , and HC ' s , maybe some 
exemplary in nature and is in no way intended to limit the suspended particulate matter ( i . e . , diesel engines ) and the 
invention , its application , or uses . balance N , CO , , and H , O . The NOx contingent of the 

A combustion source that combusts , at least part of the 20 oxygen - depleted exhaust flow 20 , similar to before , gener 
time , a lean mixture of air and fuel to perform work may be ally ranges from about 50 ppmv to about 1500 ppmv and 
fitted with an exhaust aftertreatment system to help reduce includes greater than 90 mol % NO and less han 10 mol % 
the concentration of certain unwanted emissions , including NO , . The amount of CO and HC ' s present generally range 
NOx , and particulate matter , if present , from a resultant from about 0 . 5 vol . % to about 1 . 0 vol . % and from about 
oxygen - rich exhaust flow . The exhaust aftertreatment sys - 25 500 ppmv to about 1000 ppmv , respectively . 
tem may include a NOx oxidation catalyst that includes It should be noted that FIG . 1 identifies separate feeds of 
perovskite oxide particles , a NOx storage catalyst , and a the lean A / F mixture 14 and the rich A / F mixture 16 and 
NO y reduction catalyst . These three catalysts ( oxidation , separate flows of the oxygen - rich exhaust flow 18 and the 
storage , and reduction ) are able to cooperatively convert an oxygen - depleted exhaust flow 20 for ease of description 
appreciable amount of the NO v emanated from the combus - 30 only . The engine 12 , in actuality , as further described below , 
tion source into nitrogen when cyclically exposed to the is supplied with a continuous air flow at a variable mass flow 
oxygen - rich exhaust flow and an oxygen depleted - exhaust rate responsive to engine performance demands ( i . e , press 
flow produced by , for example , interrupting the combustion i ng and depressing a foot pedal located in the driverside 
of the lean mixture of air and fuel with the combustion of a compartment to affect vehicle speed and acceleration ) . A 
rich mixture of air and fuel . The use of platinum as a NOY 35 calculated quantity of pressurized fuel is rapidly and inter 
oxidation catalyst may be substantially diminished or alto - mittently injected into an incoming air flow just upstream 
gether eliminated as a corollary of the perovskite com from the engine 12 , as dictated by an engine control strategy , 
pound ' s NOx oxidation activity when exposed to the oxy - to produce a mixture of air and fuel that exhibits the instantly 
gen - rich exhaust flow . desired air to fuel mass ratio . The quantity of fuel injected 

A first embodiment of the exhaust aftertreatment system , 40 into the incoming air flow is controlled to maintain a lean air 
identified as numeral 10 , is illustrated in FIG . 1 . A multi - to fuel mass ratio ( the lean A / F mixture 14 ) or a rich air to 
cylinder , reciprocating internal combustion engine 12 con - fuel mass ratio ( the rich A / F mixture 16 ) , or to switch 
stitutes the combustion source and is fluidly coupled to the between the two states . The nomenclature used with respect 
exhaust aftertreatment system 10 . The engine 12 cyclically to FIG . 1 , therefore , refers to the current air to fuel mass ratio 
combusts a lean mixture of air and fuel 14 ( “ lean A / F 45 of the mixture of air and fuel being fed to the engine 12 and 
mixture ” ) and a rich mixture of air and fuel 16 ( rich A / F the resultant exhaust flow being discharged from the engine 
mixture ” ) to correspondingly provide an oxygen - rich 12 following combustion of that mixture . 
exhaust flow 18 and an oxygen - depleted exhaust flow 20 , The multi - cylinder , reciprocating internal combustion 
respectively , to the exhaust aftertreatment system 10 in engine 12 may be a charge compression engine ( i . e . , diesel 
known controlled fashion . Both the lean A / F mixture 14 and 50 engine ) , a spark ignition direct injection engine ( i . e . , gaso 
the rich A / F mixture 16 are defined by an air to fuel mass line engine ) , or a homogeneous charge compression ignition 
ratio . engine . Each of these types of engines includes cylinders 28 

The lean A / F mixture 14 contains more air than is ( usually four to eight cylinders ) that accommodate recipro 
stoichiometrically necessary to combust the dispensed fuel . cating piston heads 30 connected to a crankshaft 32 . Located 
The air to fuel mass ratio of the lean A / F mixture 14 is 55 above each piston head 30 is a combustion chamber 34 that 
usually greater than 14 . 6 - 14 . 8 , which is the approximate sequentially receives the lean A / F mixture 14 or the rich A / F 
stoichiometric air to fuel mass ratio of gasoline fuel , and , in mixture 16 through an intake valve 36 at specifically timed 
most instances , lies somewhere in the range of about 20 - 65 intervals . The spark or compression assisted ignition of the 
depending on the design of the engine 12 and the type of fuel lean or rich A / F mixture 14 , 16 in the combustion chambers 
being combusted . The combustion of lean A / F mixture 14 60 34 invokes rapid downward linear movement of their 
produces the oxygen - rich exhaust flow 18 . The oxygen - rich respective piston heads 30 to drive rotation of the crankshaft 
exhaust flow 18 may reach temperatures as high as 900° C . 32 . The reactive upward movement of each piston head 30 , 
and , as used herein , comprise greater than 1 . 0 vol . % 0 , up a short time later , expels the combustion products from each 
to about 10 vol . % . The oxygen - rich exhaust flow 18 may combustion chamber 34 through an exhaust valve 38 . 
also comprise some NOxand HC ' s , nominal amounts of CO , 65 The multi - cylinder , reciprocating internal combustion 
maybe some suspended particulate matter i . e . , diesel engine 12 may be fluidly coupled to an intake manifold 40 
engines ) and the balance N2 , CO2 , and H20 . The NOx and an exhaust manifold 42 . The intake manifold 40 delivers 
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the lean A / F mixture 14 or the rich A / F mixture 16 to the FIG . 1 that may or may not help produce the treated exhaust 
combustion chambers 34 . The air portion of the lean or rich flow 24 . These devices include , for example , a diesel oxi 
A / F mixture 14 , 16 is supplied by an air induction system dation catalyst , a three - way - catalyst , a diesel particulate 
( not shown ) that includes a throttle body valve . The air filter , an exhaust gas recirculation line , a turbocharger tur 
induction system throttles a continuous air flow at a variable 5 bine , a muffler , and / or a resonator . Skilled artisans will 
mass flow rate towards the engines cylinders 28 . The fuel undoubtedly know of , and understand , these and the many 
portion of the lean or rich A / F mixture 14 , 16 is supplied by other devices that may be included in and around the exhaust 
fuel injectors ( not shown ) that dispense pressurized fuel into aftertreatment system 10 . 
the incoming air flow . The exhaust manifold 42 collects the The lean NO trap 22 , as shown best in FIG . 2 , comprises 
combustion products expelled from each combustion cham - 10 a canister 44 that houses a support body 46 and includes an 
ber 34 and delivers them to the exhaust aftertreatment inlet 48 and an outlet 50 . The canister 44 may be cylindrical 
system 10 as the oxygen - rich exhaust flow 18 ( if the lean in shape , as shown , or may assume any other desired 
A / F mixture 14 is being combusted ) or the oxygen - depleted geometry . The inlet 46 and the outlet 48 are located on 
exhaust flow 20 ( if the rich A / F mixture is being combusted ) . opposite sides of the canister 44 and are slightly tapered to 
An electronic fuel injection system ( not shown ) may 15 accommodate fluid connections with upstream and down 

continuously manage the mixture of air and fuel delivered to stream piping . The canister 44 may be fabricated from 
the engine 12 in accordance with an engine control strategy . stainless steel and piped within the exhaust aftertreatment 
The electronic fuel injection system utilizes an electronic system 10 to form a contained flow path , having a longitu 
control module ( ECM ) that includes a microprocessor or a dinal flow axis A , through which the oxygen - rich or oxygen 
microcontroller , a memory capacity that stores pre - pro - 20 depleted exhaust flow 18 , 20 navigates . 
grammed look - up tables and software , and related circuitry The support body 46 , as shown in partial cross - section , is 
to receive data and send command signals . The ECM a monolithic honeycomb structure that includes an inlet end 
constantly receives data indicative of the current operating 52 , an outlet end 54 , and several hundred ( i . e . , 400 or so ) 
state of the engine 12 from a variety of sensors . These parallel flow - through channels 56 per square inch that 
sensors may include an air mass flow sensor , a throttle body 25 extend from the inlet end 52 to the outlet end 54 in general 
valve position sensor , an engine coolant temperature sensor , parallel alignment with the flow axis A . The inlet end 52 and 
an intake camshaft position sensor , a crankshaft position the outlet end 54 are located near the inlet 48 and the outlet 
sensor , and an exhaust oxygen sensor . The interrelated data 50 of the canister 44 , respectively . The flow - through chan 
received from the sensors is compared against the prepro - nels 54 are at least partially defined by a wall surface 58 , 
grammed look - up tables and / or plugged into an algorithm to 30 shown best in FIG . 3 , over which a respective portion of the 
calculate precisely how much fuel is needed to deliver the oxygen - rich or oxygen - depleted exhaust flow 18 , 20 passes 
desired mixture of air and fuel to the engine ' s cylinders 28 . while traversing the support body 46 . The monolithic hon 
The ECM then sends corresponding output signals to the eycomb structure may be formed from any material capable 
fuel injectors located on the engine 12 to dispense the proper of withstanding the temperatures and chemical environment 
amount of fuel into the incoming air flow . The ECM 35 associated with the oxygen - rich or oxygen - depleted exhaust 
performs these operations thousands of times every minute flow 18 , 20 . Some specific examples of materials that may 
and , as a result , is quickly responsive to changing engine be used include ceramics such as extruded cordierite , silicon 
operating conditions and can effectuate rapid transitions carbide , silicon nitride , zirconia , mullite , spodumene , alu 
between the lean A / F mixture 14 and the rich A / F mixture mina - silica - magnesia , zirconium silicate , sillimanite , pet 
16 , and vice versa , when appropriate . 40 alite , or a heat and corrosion resistant metal such as titanium 

The exhaust aftertreatment system 10 alternately commu - or stainless steel . 
nicates the oxygen - rich exhaust flow 18 and oxygen - de A first catalyst material 60 and a second catalyst material 
pleted exhaust flow 20 through a LNT 22 to manage NOx 62 , as shown in FIG . 3 , are deposited on the wall surfaces 
The LNT 22 includes a series of catalyst materials support - 58 of the flow - through channels 56 . The first catalyst mate 
ing finely dispersed catalyst particles that can cooperatively 45 rial 60 comprises a first carrier material 64 that supports a 
remove upwards of 90 % or more of the NOx produced by NOy oxidation catalyst 66 that includes finely divided per 
the engine 12 . The LNT 22 , broadly speaking , strips NOY ovskite oxide particles . The second catalyst material com 
from the oxygen - rich exhaust flow 18 while the engine is prises a second carrier material 68 that supports a NOY 
combusting the lean A / F mixture 14 . The stripped NOy is storage catalyst 70 and a NOy reduction catalyst 72 . The 
stored and accumulated as a nitrate species until the oxygen - 50 second catalyst material 62 is deposited downstream from 
depleted exhaust flow 20 is delivered to the LNT 22 . The the first catalyst material 60 relative to the flow direction of 
oxygen - depleted exhaust flow 20 , once delivered , liberates the oxygen - rich or oxygen - depleted exhaust flow 18 , 20 
and reduces the previously stored NO , as well as native ( that is , along the flow axis A from the inlet end 52 to the 
NO y with various reductants whose presence is attributed to outlet end 54 of the support body 46 ) . Any known technique 
the combustion of the rich A / F mixture 16 . This cycle , which 55 may be employed to prepare and deposit the catalyst mate 
is repeated often during operation of the engine , continu - rials 60 , 62 such as , for example , conventional washcoating . 
ously produces a treated exhaust flow 24 composed mainly The first and second catalyst materials 60 , 62 shown in FIG . 
of N2 , 02 , CO2 , and H2O as well as acceptably low levels 3 are merely idealized depictions ; they are not drawn to scale 
of NOx . The LNT further contributes to the compositional and are not meant to represent the actual dispersal pattern of 
makeup of the treated exhaust flow 24 by oxidizing , to some 60 the catalysts 66 , 70 , 72 . In practice the finely divided catalyst 
extent , CO and HC ' s into CO , and H2O . The exhaust particles would be well dispersed within the many porosities 
aftertreatment system 10 guides the treated exhaust flow 24 defined by the much larger , high - surface area , conglomerate 
through additional catalytic components , if needed , and support particles that constitute the first and second carrier 
towards a tailpipe opening 26 for expulsion to the atmo - materials 64 , 68 . 
sphere . 65 Many deposition arrangements of the first catalyst mate 

The exhaust aftertreatment system 10 may include other rial 60 and the second catalyst material 62 are possible on 
devices or mechanical equipment not expressly shown in the support body 46 . For example , the first catalyst material 
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60 may be deposited on one - half of the support body 46 near The perovskite oxide particles catalytically oxidize NO to 
the inlet end 52 and the second catalyst material 62 may be NO , when exposed to the oxygen - rich exhaust flow 18 . The 
deposited the remaining half of the support body 46 near the perovskite oxide crystalline lattice ( i . e . , ABO or 
outlet end 54 . This arrangement provides two equally - sized A1 - xA1 / B1 - 7B1 , 03 ) can accommodate several different lat 
and substantially distinguishable catalyst beds that , together , 5 tice defects that often create oxygen vacancies . These oxy 
span the entire support body 46 . As another example , the gen vacancies , without being bound by theory , are believed 
first catalyst material 60 and the second catalyst material 62 to contribute significantly to the perovskite oxide ' s NO 
may be alternately deposited several times on the support oxidation activity as oxygen contained in the oxygen - rich 
body 46 from the inlet end 52 to the outlet end 54 . This exhaust flow 18 disassociates to fill those vacancies leaving 

10 behind residual oxygen radicals that quickly attach NO . The arrangement provides multiple alternating and substantially ability of the perovskite oxide particles to efficiently oxidize distinguishable catalyst beds that span the entire support NO to NO , may significantly diminish or altogether elimi body 46 . Two to five pairs of the first and second catalyst nate the need to include platinum in the first or second materials 60 , 62 are preferred . catalyst materials 60 , 62 for NO oxidation purposes . The 
The first and second carrier materials 64 , 68 may be the 15 first catalyst material 60 may , as a result , include only trace 

same or different and generally exhibit a relatively high amounts of platinum or no platinum at all . 
surface area with many loading or dispersion sites for The NO , storage catalyst 70 and the NO , reduction 
accommodating their respective fine catalyst particles . The catalyst 72 may be any suitable material known to skilled 
surface area of the carrier materials 64 , 68 may range from artisans . The NOx storage catalyst 70 comprises any com 
about 20 m² / gram to about 300 m² / gram . The carrier mate - 20 pound that can trap and store NO2 contained in the oxygen 
rials 64 , 68 may , for example , comprise a high - surface area rich exhaust flow 18 and , conversely , release NOx gases into 
mixed cerium and zirconium oxide material ( Ce02 - ZrO2 ) . the oxygen - depleted exhaust flow 20 . A number of alkali or 
This material provides a high - surface area as well as some alkaline earth metal compounds operate in such a fashion 
additional relevant functionality . Ce0 , - Zro , materials through the reversible formation of a nitrate species and , as 
have , more specifically , demonstrated some ability to 25 such , may constitute all or part of the NOx storage catalyst 
enhance the NO , storage at low temperatures , stabilize 70 . Some specific and exemplary alkali or alkaline earth 
certain catalysts so that loading requirements can be metal compounds that may be employed include fine par 
reduced , and promote the water - gas shift reaction . The ticles of Bao , BaCO3 , and K , CO2 . A preferred loading of 
carrier materials 64 , 68 may also comprise alumina ( A1 , 02 ) , these finely divided particulate materials is about 10 g to 
a ZSM - 5 zeolite , or any other suitable material known to 30 about 50 g per liter of available flow volume through the 
skilled artisans . A preferred loading of the first and second support body 46 . The NOy reduction catalyst 72 comprises 
carrier materials 64 , 68 is about 100 g to about 200 g per liter any compound that can reduce NOx gases in the oxygen 
of available flow volume through the support body 46 . depleted exhaust flow 20 . Fine particles of rhodium can 

The NOx oxidation catalyst 66 , as already mentioned , provide such reductive activity and may constitute all or part 
includes finely divided perovskite oxide particles . These 35 of the NOx reduction catalyst 72 . A preferred loading of 
particles encompass a broad class of non - noble metal mixed finely divided rhodium is about 0 . 10 g to about 0 . 30 g per 
oxides defined by the general formula ABO3 . The “ A ” and liter of available flow volume through the support body 46 . 
“ B ” atoms are complimentary cations of different sizes that Other catalyst particles may also be dispersed on the 
coordinate with oxygen anions . The larger , centrally located carrier materials 64 , 68 of the first and / or second catalyst 
“ A ” cation is surrounded by smaller “ B ” cations . The “ A ” 40 materials 60 , 62 . Finely dispersed palladium particles , for 
and “ B ” cations respectively coordinate with twelve and six example , can help oxidize any residual HC ' s and CO present 
oxygen anions . Small amounts of the " A " and / or “ B ” cations in the oxygen - rich or oxygen - depleted exhaust flows 18 , 20 
may also be substituted with different yet similarly sized and help slow the rate at which the perovskite oxide particles 
" A1 ” and “ BL ” promoter cations to provide a supercell succumb to sulfur poisoning when sulfur - containing fuels 
crystal structure similar to general ABO? crystal structure 45 are combusted in the engine 12 . A preferred loading for 
but defined by the formula A1 - XA1 / B1 - B1 , 03 . A preferred palladium , if included , may be about 1 . 0 g to about 5 . 0 g of 
loading of the finely divided perovskite oxide particles in the available flow volume through the support body 46 . 
first catalyst material 60 is about 50 g to about 150 g per liter specific example of the first catalyst material 60 
of available flow volume through the support body 46 . includes about 120 g / L of Ce0z - ZrO2 , with a Ce / Zr mol 

The perovskite oxide particles may comprise the same 50 ratio of 75 / 25 , as the first carrier material 64 and about 100 
perovskite oxide or a mixture of two or more perovskite g / L of Lao Sr . MnO , as the NO , oxidation catalyst 66 . A 
oxides . A great many combinations of perovskite oxides are specific example of the second catalyst material 62 includes 
available for use since no fewer than 27 cations may be about 120 g / L of CeO2 - ZrO2 , with a CelZr mol ratio of 
employed as the “ A ” cation and no fewer than 36 cations 75 / 25 , as the second carrier material 68 , about 30 g / L of Bao 
may be employed as the “ B ” cation . A listing of the cations 55 as the NOx storage catalyst 70 , and about 0 . 18 g / L of 
most frequently employed as the “ A ” cation includes those rhodium as the NOx reduction catalyst 70 . A total of about 
of calcium ( Ca ) , strontium ( Sr ) , barium ( Ba ) , bismuth ( Bi ) , 1 . 8 g / L of palladium may be dispersed on either the first or 
cadmium ( Cd ) , cerium ( Ce ) , lead ( Pb ) , yttrium ( Y ) , and second carrier materials 64 , 68 or over both the first and 
lanthanum ( La ) while a listing of the cations most com - second carrier materials 64 , 68 . 
monly employed as the “ B ” cation includes those of cobalt 60 The NOy oxidation , storage , and reduction catalysts 66 , 
( Co ) , titanium ( Ti ) , zirconium ( Zr ) , niobium ( Nb ) , tin ( Sn ) , 70 , 72 work together to convert NOx largely into N , through 
cerium ( Ce ) , aluminum ( Al ) , nickel ( Ni ) , chromium ( Cr ) , a multi - part reaction mechanism . When the engine 12 is 
manganese ( Mn ) , copper ( Cu ) , and iron ( Fe ) . Some specific combusting the lean A / F mixture 14 , for instance , the NOx 
and exemplary perovskite oxides that may constitute all or oxidation catalyst 66 dispersed in the first catalyst material 
part of the perovskite oxide particles include LaC003 , 65 60 oxidizes NO contained in the oxygen - rich exhaust flow 
La . . Sro . Co03 , LaMnO3 , Lao . Sro . MnO3 , LaFeO3 , and 18 into NO2 . At the same time , the NOx storage catalyst 54 
La . . . Sro . FeO3 . dispersed in the second catalyst material 62 traps and stores 
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both the native and newly - generated NO , as a nitrate spe mingled with the NOx oxidation catalyst that includes per 
cies . The oxidation of NO and the storage of NO , occurs ovskite oxide particles , where NO oxidation to NO , occurs , 
until the NOx storage catalyst 70 reaches or approaches its as opposed to being intermingled with the NOx reduction 
nitrate storage capacity . The stored nitrate species are then catalyst 172 , where liberated NOx is reduced to N2 . 
removed from the NOx storage catalyst 70 to regenerate 5 A third embodiment of the exhaust aftertreatment system 
nitrate trap sites for future NO2 sorption . The release of NOx 10 is illustrated in FIG . 5 . The exhaust aftertreatment system 
from the NOx storage catalyst 70 is accomplished by described here is similar in many respects to the first momentarily converting the lean A / F mixture 14 into the embodiment ( FIGS . 1 - 3 ) and , as such , uses like numerals to rich A / F mixture 16 so that combustion within the engine 12 identify similar structural elements or materials . Some dif produces the oxygen - depleted exhaust flow 20 . The drop in 10 ferences include ( 1 ) the first catalyst material 260 comprises oxygen content and the increase in reductants ( i . e . , CO , the NOx oxidation catalyst 266 that includes perovskite HC ' s , and H2 ) in the oxygen - depleted exhaust flow 20 oxide particles and the NOx storage catalyst 270 and ( 2 ) the render the stored nitrate species thermodynamically unstable second catalyst material 262 comprises the NO y reduction and cause NOx liberation . The available reductants then reduce the liberated NO . Over the No . reduction catalyst 72 15 catalyst 272 and palladium particles 274 . A third catalyst 
dispersed in the second catalyst material 62 . Once the material 276 that exhibits ammonia selective catalytic reduc 
regeneration of the NOx storage catalyst 70 is satisfactorily tion activity in the presence of a specified reductant is also 
achieved , delivery of lean A / F mixture 14 may be restored deposited on the wall surface 258 of the flow - through 
to the engine 12 and the cycle repeated . The reductants channels 256 downstream from the second catalyst material 
contained in the oxygen - rich exhaust flow 18 ( HC ' s ) and the 20 262 relative to the flow direction of the oxygen - rich or 
oxygen - depleted exhaust flow ( CO , HC ' s , H , ) are also oxygen - depleted exhaust flow 18 , 20 . 
oxidized by the perovskite oxide particles in the NOY The first catalyst material 260 and the second catalyst 
oxidation catalyst 66 and , if present , by palladium particles material 262 have already been described in sufficient detail . 
dispersed in either the first and / or second catalyst materials The third catalyst material 276 may be a microporous 
60 , 62 . 25 molecular sieve material that can catalytically reduce NOx , 

A method of using the lean NOx trap 22 in the exhaust in the presence of Oz , using absorbed ammonia or an 
aftertreatment system 10 should be apparent to a skilled absorbed hydrocarbon as a reductant . The microporous 
artisan given the above disclosure . The method includes molecular sieve material may , for example , be a base metal 
delivering the lean A / F mixture 14 to the engine 12 for ion - exchanged zeolite , a base metal oxide , or a base metal 
combustion . The lean A / F mixture 14 combusts inside 30 ion - substituted silicoaluminophosphate if the reductant 
engine ' s cylinders 28 and the resultant oxygen - rich exhaust sought to be absorbed is ammonia . Some examples of a 
flow 18 is communicated to the exhaust aftertreatment suitable base metal ion - exchanged zeolite include a B - zeo 
system 10 . The lean NOy trap 22 receives the oxygen - rich lite , a MFI - zeolite ( i . e . , ZSM - 5 ) , a Chabazite zeolite , or a 
exhaust flow 18 flow at the inlet 48 of the canister 44 . The USY ( ultra - stable Y - type ) zeolite , each of which is prefer 
oxygen - rich exhaust flow 18 passes from the inlet 48 to the 35 ably ion - exchanged with one or more of Cu or Fe and 
outlet 50 and traverses the support body 46 through the commercially available from BASF Catalysts ( Iselin , N . J . ) 
many flow - through channels 56 . The first catalyst material and Johnson Matthey ( London , UK ) . Some examples of a 
60 , which is deposited on the wall surface 58 of the suitable base metal oxide include V205 — WOz / TiO2 and 
flow - through channels 56 upstream from the second catalyst V203 / TiO2 . Some examples of a base metal ion - substituted 
material 62 , oxidizes NO to NO , over the NOx oxidation 40 silocoaluminophosphate include SAPO - 5 , SAPO - 34 , or 
catalyst 66 that includes perovskite oxide particles . The NOY SAPO - 44 , each of which is preferably ion - exchanged with 
storage catalyst 70 dispersed in the second catalyst material one or more of Cu or Fe and commercially available from 
62 traps the NO , contained in the oxygen - rich exhaust flow Novel Company ( Shanghai , China ) . The microporous 
18 and stores it as a nitrate species . Then , when appropriate , molecular sieve material may also , as another example , be 
the method calls for converting the lean A / F mixture 14 into 45 silver - supported alumina ( Ag / A1 , 0z ) or an ion - exchanged 
the rich A / F mixture 16 to deliver the rich A / F mixture 16 to base metal zeolite if the reductant sought to be absorbed is 
the engine 12 for combustion . The rich A / F mixture 16 a hydrocarbon . Some examples of a suitable base metal 
combusts inside the engine ' s cylinders 28 and the resultant ion - exchanged zeolite include a Y - zeolite which is prefer 
oxygen - depleted exhaust flow 20 is communicated to the ably ion - exchanged with one or more of Na , Ba , Cu , or Co . 
exhaust aftertreatment system 10 . The oxygen - depleted 50 Some examples of a suitable silicoaluminophosphate 
exhaust flow 20 traverses the support body 46 through the include SAPO - 5 , SAPO - 34 , or SAPO - 44 , each of which is 
many flow - through channels 58 and purges the NOx storage preferably ion - exchanged with one or more of Na , Ba , Cu , 
catalyst 70 of NOx - derived nitrate species . The liberated or Co . 
NOy is reduced over the NO y reduction catalyst 72 to N , by The serial arrangement of the first , second , and third 
available reductants contained in the oxygen - depleted 55 catalyst materials 260 , 262 , 276 provides the LNT 22 with 
exhaust flow 20 . The method eventually calls for converting supplemental NOx conversion activity when the lean and 
the rich A / F mixture 16 back to the lean A / F mixture 14 . rich A / F mixtures 14 , 16 are cyclically delivered to the 

A second embodiment of the exhaust aftertreatment sys - engine 12 . The first catalyst material 266 functions as 
tem 10 is illustrated in FIG . 4 . The exhaust aftertreatment expected when exposed to the oxygen - rich exhaust flow 
system described here is a variation of the first embodiment 60 18 — that is , the NOy oxidation catalyst 266 oxidizes NO to 
( FIGS . 1 - 3 ) and , as such , uses like numerals to identify NO , and the NOx storage catalyst stores NO , as a nitrate 
similar structural elements or materials . One difference is species . The second catalyst material 262 , more specifically 
that the first catalyst material 160 comprises the NOx storage the palladium particles 274 , can oxidize the HC ' s somewhat 
catalyst 170 instead of the second catalyst material 162 . This effectively but is generally unable to oxidize NO that slips 
arrangement of the catalysts 166 , 170 , 172 does not affect 65 past the first catalyst material 260 . The NOx that slips past 
the overall mechanism by which the LNT 22 converts NOY the first catalyst material 260 and remains in the oxygen - rich 
into N2 . The NOx storage catalyst 170 is simply inter exhaust flow 18 may nonetheless be selectively reduced by 
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absorbed ammonia or an absorbed hydrocarbon contained in A sixth embodiment of the exhaust aftertreatment system , 
the third catalyst material 274 . identified as numeral 510 , is illustrated in FIG . 8 . This 

The absorbed ammonia or hydrocarbon may be supplied exhaust aftertreatment system 510 is a variation of the third 
to the third catalyst material 276 during cycling between the embodiment ( FIG . 5 ) and , as such , uses like numerals to 
lean and rich A / F mixtures 14 , 16 or by an appropriate 5 identify similar structural elements or materials . One differ 
reductant injection system . The changeover from the lean ence here is that the LNT 522 includes three partitioned 
A / F mixture 14 to the rich A / F mixture 16 , for example , canisters 544a , 5446 , 544c that are fluidly connected by 
communicates the oxygen - depleted exhaust flow 20 to the smaller diameter intermediate piping segments 578 , 580 . 
LNT 22 . The first catalyst material 260 liberates NOx and The upstream canister 544a houses a support body 546a that 

the second catalyst material 262 reduces NOx to N2 when 10 carries the first catalyst material 560 . The middle canister 
544b located downstream from the upstream canister 544a exposed to the oxygen - depleted exhaust flow 20 as houses a support body 546b that carries the second catalyst described before . The NOx reduction catalyst 272 , espe material 562 . The downstream canister 544c located after cially when comprised of rhodium particles , and the palla the middle canister 544b houses a support body 546c that dium particles 274 also cooperatively facilitate an alterna dium particles 474 also cooperatively lacinitate an alternde 15 carries the third catalyst material 576 . The first , second , and 

tive reaction in which NO reacts with certain reductants third catalyst materials 560 562 576 have the same com 
( CO , H2 ) to form small amounts of ammonia . The generated positions as the third embodiment shown and described in 
ammonia is eventually supplied to the third catalyst material FIG . 5 . This embodiment of the exhaust aftertreatment 
276 where it can accumulate until NOx arrives in the system 510 converts NOx to N2 in the same general fashion 
presence of 02 . 20 as described and , additionally , provides supplemental selec 

A fourth embodiment of the exhaust aftertreatment sys tive catalytic NOx reduction for NOy that may slip past the 
tem , identified as numeral 310 , is illustrated in FIG . 6 . This first and second catalyst materials 560 , 562 in the oxygen 
exhaust aftertreatment system 310 is a variation of the first rich exhaust flow 18 . It also carries the first catalyst material 
embodiment ( FIGS . 1 - 3 ) and , as such , uses like numerals to 560 , the second catalyst material 562 , and the third catalyst 
identify similar structural elements or materials . One differ - 25 material 576 on separate support bodies 546a , 546b , 5460 
ence here is that the LNT 322 includes a pair of partitioned contained in separate canisters 544a , 544b , 544c . This 
canisters 344a , 344b that are fluidly connected by a smaller structural arrangement of the LNT 522 provides the same 
diameter intermediate piping segment 378 . The upstream maintenance and flow enhancements identified for the fourth 
canister 344a houses a support body 346a that carries the embodiment ( FIG . 6 ) discussed earlier . 
first catalyst material 360 and the downstream canister 344b 30 The above description of embodiments is merely exem 
houses a support body 346b that carries the second catalyst plary in nature and , thus , variations thereof are not to be 
material 362 . The first catalyst material 360 and the second regarded as a departure from the spirit and scope of the 
catalyst material 360 have the same compositions as the first invention . 
embodiment shown and described in FIGS . 1 - 3 . This What is claimed is : 
embodiment of the exhaust aftertreatment system 310 con - 35 1 . A method comprising : 
verts NOy to N , in the same general fashion as described . It supplying a combustion source with air and fuel at an air 
also carries the first catalyst material 360 and the second to fuel mass ratio that can be selectively varied to 
catalyst material 362 on separate support bodies 346a , 346b produce a lean mixture of air and fuel , in which the air 
contained in separate canisters 344a , 344b . This structural to fuel mass ratio is above stoichiometry , and a rich 
arrangement of the LNT 322 facilitates maintenance and , 40 mixture of air and fuel , in which the air to fuel mass 
furthermore , enhances turbulent flow through the exhaust ratio is at or below stoichiometry , the combustion 
aftertreatment system 310 and exhaust gas mixing since the source being coupled to an exhaust aftertreatment sys 
oxygen - rich or oxygen - depleted exhaust flow 18 , 20 has to tem that comprises a NOy oxidation catalyst that 
navigate through two support bodies 346a , 346b separated includes perovskite oxide particles , a NOx storage 
by a smaller diameter piping segment 378 . 45 catalyst , and a NO y reduction catalyst wherein the NOY 

A fifth embodiment of the exhaust aftertreatment system , oxidation catalyst is intermingled with the NO v storage 
identified as numeral 410 , is illustrated in FIG . 7 . This catalyst ; 
exhaust aftertreatment system 410 is a variation of the combusting the lean mixture of air and fuel at the com 
second embodiment ( FIG . 4 ) and , as such , uses like numer bustion source to produce an oxygen - rich exhaust flow 
als to identify similar structural elements or materials . One 50 that comprises nitrogen oxide gases ( NOx ) including 
difference here is that the LNT 422 includes a pair of NO and NO2 ; 
partitioned canisters 444a , 444b that are fluidly connected passing the oxygen - rich exhaust flow through the exhaust 
by a smaller diameter intermediate piping segment 478 . The aftertreatment to ( 1 ) oxidize NO to NO , over the NOx 
upstream canister 444a houses a support body 446a that oxidation catalyst and ( 2 ) store NOx as a nitrate species 
carries the first catalyst material 460 and the downstream 55 at the NOx storage catalyst ; 
canister 444b houses a support body 446b that carries the combusting the rich mixture of air and fuel at the com 
second catalyst material 462 . The first catalyst material 460 bustion source to produce an oxygen - depleted exhaust 
and the second catalyst material 460 have the same compo flow ; and 
sitions as the second embodiment shown and described in passing the oxygen - depleted exhaust flow through the 
FIG . 4 . This embodiment of the exhaust aftertreatment 60 exhaust aftertreatment system to ( 1 ) release NOy from 
system 410 converts NOx to N , in the same general fashion the NOx storage catalyst and ( 2 ) reduce NOx to N2 over 
as described . It also carries the first catalyst material 460 and the NOx reduction catalyst . 
the second catalyst material 462 on separate support bodies 2 . The method according to claim 1 , wherein the exhaust 
446a , 446b contained in separate canisters 444a , 4446 . This aftertreatment system comprises a first catalyst material and 
structural arrangement of the LNT 422 provides the same 65 a second catalyst material positioned downstream from the 
maintenance and flow enhancements identified for the fourth first catalyst material relative to a flow direction through the 
embodiment ( FIG . 6 ) just discussed . exhaust aftertreatment system , the first catalyst material 

45 
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comprising the perovskite oxide particles , the second cata which the NOx storage catalyst and the NOx reduction 
lyst material comprising the NOx reduction catalyst , the first catalyst are dispersed , and wherein the first and second 
catalyst material comprising the NOx storage catalyst , and carrier materials comprise at least one of a Ce0 , - ZrO2 
either the first catalyst material or the second catalyst material , alumina , or a zeolite . 
material comprising palladium particles . 5 8 . The method according to claim 6 , wherein the first 

3 . The method according to claim 2 , wherein the per - catalyst material comprises a first carrier material on which 
ovskite oxide particles comprise at least one of LaC00z , the NO y oxidation catalyst and the NO v storage catalyst are 
LaMnOz , LaFeO3 , La99Sr0 . 1C003 , La , Sro . MnO3 , or dispersed , wherein the second catalyst material comprises a 
Lao Sr . FeO3 , wherein the NOx storage catalyst comprises second carrier material on which the NO y reduction catalyst 
at least one of Bao , BaCO3 , or K2CO3 particles , wherein the 10 is dispersed , and wherein the first and second carrier mate 
NOx reduction catalyst comprises rhodium particles . rials comprise at least one of a Ce02 Zro , material , 

4 . The method according to claim 2 , wherein the exhaust alumina , or a zeolite . 
aftertreatment system further comprises a third catalyst 9 . The method according to claim 6 , wherein the per 
material located downstream from the second catalyst mate - ovskite oxide particles comprise at least one of LaC003 , 
rial relative to the flow direction , the third catalyst material 15 LaMnOz , LaFeO3 , Lao . Sro . 1 C003 , La , Sro . MnO3 , or 
comprising particles of a microporous molecular sieve mate - La , Sr , FeO , , wherein the NO v storage catalyst comprises 
rial that can catalytically reduce NOx with an absorbed alkali or alkaline earth metal oxide particles , and wherein the 
reductant in the presence of oxygen , the microporous N Ox reduction catalyst comprises rhodium particles . 
molecular sieve material comprising at least one of a base 10 . The method according to claim 9 , wherein the first and 
metal ion - substituted zeolite , a base metal oxide , or a base 20 second catalyst materials are carried on a flow - through 
metal ion - substituted silicoaluminophosphate . support body that comprises flow - through channels , wherein 

5 . The method according to claim 4 , further comprising : are perovskite oxide particles are present in the first catalyst 
passing the oxygen - rich exhaust flow through the exhaust material in an amount that ranges from about 50 g to about 

aftertreatment system along the flow direction to selec - 150 g per liter of available flow volume through the flow 
tively reduce NOy in the presence of absorbed ammo - 25 through support body , wherein the rhodium particles are 
nia and oxygen at the third catalyst material ; and present in an amount that ranges from about 0 . 10 g to about 

passing the oxygen - depleted exhaust flow through the 0 . 30 g per liter of available flow volume through the 
exhaust aftertreatment system along the flow direction flow - through support body , and wherein the alkali or alka 
to form ammonia over the palladium and / or NO line earth metal oxide particle are present in the first or 
reduction particles and supplying the ammonia to the 30 second catalyst material in an amount that ranges from about 
third catalyst material for absorption therein . 10 g to about 50 g per liter of available flow volume through 

6 . A method comprising : the flow - through support body . 
supplying a multi - cylinder internal combustion engine 11 . The method according to claim 6 , wherein the exhaust 

with air and fuel at an air to fuel mass ratio that can be aftertreatment system further comprises a third catalyst 
selectively varied to produce a lean mixture of air and 35 material located downstream from the second catalyst mate 
fuel , in which the air to fuel mass ratio is above rial relative to the flow direction , the third catalyst material 
stoichiometry , and a rich mixture of air and fuel , in comprising a microporous molecular seive material that can 
which the air to fuel mass ratio is at or below stoichi - catalytically reduce NOx with an absorbed reductant in the 
ometry , the engine being coupled to an exhaust after presence of oxygen , and wherein the microporous molecular 
treatment system that comprises a first catalyst material 40 sieve material comprises particles of at least one of a base 
and a second catalyst material , the second catalyst metal ion - substituted zeolite , a base metal oxide , or a base 
material being located downstream from the first cata - metal ion - substituted silicoaluminophosphate . 
lyst material relative to a flow direction , the first 12 . The method according to claim 11 , wherein at least 
catalyst material comprising a NOx oxidation catalyst one of the first or second catalyst materials further comprises 
that includes perovskite oxide particles , the second 45 palladium particles . 
catalyst material comprising a NOx reduction catalyst , 13 . The method according to claim 12 , further compris 
and the first catalyst material comprising a NOx storage ing : 
catalyst ; passing the oxygen - rich exhaust flow through the exhaust 

combusting the lean mixture of air and fuel at the engine aftertreatment system along the flow direction to selec 
to produce an oxygen - rich exhaust flow that comprises 50 tively reduce NOx in the presence of absorbed ammo 
nitrogen oxide gases ( NOx ) including NO and NO2 ; nia and oxygen at the third catalyst material ; and 

passing the oxygen - rich exhaust flow through the exhaust passing the oxygen - depleted exhaust flow through the 
aftertreatment system along the flow direction to ( 1 ) exhaust aftertreatment system along the flow direction 
oxidize NO to NO , over the NOx oxidation catalyst at to form ammonia over the palladium and / or rhodium 
the first catalyst material and ( 2 ) store NO2 at the NOx 55 particles and supplying the ammonia to the third cata 
storage catalyst ; lyst material for absorption therein . 

combusting the rich mixture of air and fuel at the engine 14 . A lean NOy trap for incorporation into an exhaust 
to produce an oxygen - depleted exhaust flow ; and aftertreatment system that treats an exhaust flow moving in 

passing the oxygen - depleted exhaust flow through the a flow direction , the lean NOx trap comprising : 
exhaust aftertreatment system along the flow direction 60 a support body comprising an inlet end , an outlet end , and 
to ( 1 ) release NOx from the NOx storage catalyst and a surface over which at least a portion of an exhaust 
( 2 ) reduce NOx to N2 over the NOx reduction catalyst flow passes while moving in the flow direction and 
at the second catalyst material . traversing the support body from the inlet end to the 

7 . The method according to claim 6 , wherein the first outlet end , the exhaust flow originating from a com 
catalyst material comprises a first carrier material on which 65 bustion source that is combusting a mixture of air and 
the NOy oxidation catalyst is dispersed , wherein the second fuel defined by an air to fuel mass ratio which cycles 
catalyst material comprises a second carrier material on between lean and rich ; 
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a first catalyst material deposited on the surface of the 17 . The lean NOx trap according to claim 14 , wherein the 

support body , the first catalyst material comprising perovskite oxide particles comprise at least one of LaC003 , 
perovskite oxide particles ; LaMnO3 , LaFeO3 , Lao . Sro . 1 C003 , Lao Sro . MnO3 , or a second catalyst material deposited on the surface of the Lao . Sro FeO3 , and wherein the alkali or alkaline earth support body downstream from the first catalyst mate - 5 male 5 metal oxide particles comprise at least one of Bao , BaCO3 , rial relative to the flow direction of the exhaust flow , the or K CO2 . second catalyst material comprising rhodium particles ; 
and 18 . The lean NOx trap according to claim 14 , wherein at 

alkali or alkaline earth metal oxide particles that can least one of the first catalyst material or the second catalyst 
reversibly store NO , as a nitrate species being present material further comprises palladium particles . 
in the first catalyst material . 19 . The lean NOx trap according to claim 14 , wherein the 

15 . The lean NO , trap according to claim 14 , wherein the first catalyst material does not include any platinum particles 
first catalyst material comprises a first carrier material on and the second catalyst material does not include any 
which the perovskite oxide particles and the alkali or alka - platinum particles . 
line earth metal oxide particles are dispersed , wherein the 20 . The lean NOx trap according to claim 14 , further second catalyst material comprises a second carrier material comprising a third catalyst material deposited on the surface on which the rhodium particles are dispersed , and wherein of the support body downstream from the second catalyst the first and second carrier materials comprise at least one of material relative to the flow direction of the exhaust flow , the a Ce02 - ZrO , material , alumina , or a zeolite . third catalyst material comprising particles of a microporous 16 . The lean NOx trap according to claim 14 , wherein the 
first catalyst material comprises a first carrier material on 20 20 molecular sieve material that can catalytically reduce NOx 
which the perovskite oxide particles are dispersed , wherein with an absorbed reductant in the presence of oxygen , 
the second catalyst material comprises a second carrier wherein the microporous molecular sieve material com 
material on which the alkali or alkaline earth metal oxide prises particles of at least one of a base metal ion - substituted 
particles and the rhodium particles are dispersed , and zeolite , a base metal oxide , or a base metal ion - substituted 
wherein the first and second carrier materials comprise at 25 Sil at 25 silicoaluminophosphate . 
least one of a Ce02 - ZrO , material , alumina , or a zeolite . * * * * * 
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